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(57) ABSTRACT 

An antenna coupled to a Wireless communication device that 
is comprised of a series of conductive elements that form a 
conductor When placed under a force. The conductor is 
coupled to a Wireless communication device to provide an 
antenna so that the Wireless communication device is 
capable of communicating at an operating frequency de?ned 
by the length and construction of the conductor. The Wireless 
communication device, through its communication using the 
conductor as an antenna, acts as an indicator of force to an 

interrogation reader When the Wireless communication 
device is capable of communicating to the interrogation 
reader using the conductor as an antenna. 

17 Claims, 12 Drawing Sheets 
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WIRELESS COMMUNICATION DEVICE 
HAVING CONDUCTIVE ELEMENTS 

ANTENNA 

RELATED APPLICATION 

This application claims priority and the bene?t of US. 
Provisional Patent Application Ser. No. 60/375,248 ?led 
Apr. 24, 2002, Which is incorporated by reference herein in 
its entirety. 

FIELD OF THE INVENTION 

The present invention relates to a Wireless communication 
device that is coupled to a plurality of conductive elements 
that form an antenna When placed under a force. 

BACKGROUND OF THE INVENTION 

Wireless communication devices are commonly used 
today to Wirelessly communicate information about goods. 
For example, transponders may be attached to good’s during 
their manufacture, transport and/or distribution to provide 
information, such as the good’s identi?cation number, expi 
ration date, date of manufacture or “bom on” date, lot 
number, and the like. The transponder alloWs this informa 
tion to be obtained unobtrusively using Wireless communi 
cation Without slowing doWn the manufacturing, transpor 
tation, and/or distribution process. 
Some goods involve environmental factors by design that 

are critical to their manufacture and/or intended operation. 
An example of such a good is a vehicle tire. A tire is 
designed to be placed under pressure to operate properly. 
Too little pressure can cause a tire to be damaged by the 
Weight of a vehicle supported by the tire. Too much pressure 
can cause a tire to rupture. Tire pressure must be tested 
during the manufacturing process to ensure that the tire 
meets intended design speci?cations. The tire pressure 
should also be Within a certain pressure limits during use in 
order to avoid dangerous conditions. Knowledge of the tire 
pressure during the operation of a vehicle can be used to 
inform an operator and/or vehicle system that a tire has a 
dangerous pressure condition. The vehicle may indicate a 
pressure condition by generating an alarm or Warning signal 
to the operator of the vehicle. 
A pressure sensor can be provided in the tire and coupled 

to the vehicle using a Wired connection. HoWever, the tire 
moves With respect to the vehicle during the vehicle’s 
movement, and a Wired connection may be susceptible to 
damage or a break thereby causing a failure in receiving 
pressure information from the pressure sensor. A Wireless 
communication device may be more advantageous to place 
in a tire to communicate tire pressure. A pressure sensor can 
be coupled to a Wireless communication device that is 
placed inside a tire to Wirelessly communicate tire pressure 
Without need for Wired connections. HoWever, the additional 
cost of the Wireless communication device in addition to the 
pressure sensor may be cost prohibitive. 

Therefore, an object of the present invention is to provide 
a Wireless communication device that can determine and 
communicate certain environmental conditions, such as 
pressure, Without the use and added cost of a separate 
environmental sensor. 

SUMMARY OF THE INVENTION 

The present invention relates to an antenna coupled to a 
Wireless communication device that is comprised of a series 
of conductive elements that form a conductor When placed 
under a force. The conductor is coupled to a Wireless 
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2 
communication device to provide an antenna so that the 
Wireless communication device is capable of communicat 
ing at an operating frequency de?ned by the length and 
construction of the conductor. The Wireless communication 
device, through its communication using the conductor as an 
antenna, acts as an indicator of force to an interrogation 
reader since the Wireless communication device is not 
capable of communicating to the interrogation reader unless 
a force is placed on the series of conductive elements that 
form the antenna. 

In one embodiment, the series of conductive elements are 
comprised of links that form a link chain. The link chain is 
coupled to the Wireless communication device to form a 
dipole antenna. The Wireless communication device and link 
chain are also attached to a ?exible, resilient material. When 
a force is applied to the ?exible material and/or the link 
chain, the links in the link chain form conductive connec 
tions With each other to form an antenna to be used by the 
Wireless communication device for Wireless communica 
tion. 

In another embodiment, the series of conductive elements 
are comprised of holloW conductive spheres that join 
together using shaped links. The shaped links form conduc 
tive connections betWeen the holloW conductive spheres 
When a force is applied to the holloW conductive spheres 
and/or a ?exible material containing the holloW conductive 
spheres. 

In another embodiment, the series of conductive elements 
are coupled to a Wireless communication device that are 
placed on the inside of a tire to act as a pressure indicator. 

In another embodiment, the Wireless communication 
device is coupled to a series of conductive elements that are 
attached to a load to act as a Weight indicator. 

In another embodiment, the Wireless communication 
device is coupled to a series of conductive elements that is 
attached to an axle to act as a rotation speed indicator. 

In another embodiment, the Wireless communication 
device is coupled to a tuning ring, and the tuning ring is 
coupled to a series of conductive elements. The tuning ring 
acts as a ?rst antenna to alloW the Wireless communication 
device to operate at a ?rst operating frequency. The series of 
conductive elements acts as a second antenna When placed 
under a force to alloW the Wireless communication device to 
operate at a second operating frequency. 

In another embodiment, the Wireless communication 
device is coupled to a series of conductive elements that 
contains a moveable link. The series of conductive elements 
acts as a ?rst antenna having a ?rst length When the 
moveable link is not under a force to alloW the Wireless 
communication device to operate at a ?rst operating fre 
quency. The series of conductive elements acts as a second 
antenna having a second length When the moveable link is 
under a force to alloW the Wireless communication device to 
operate at a second operating frequency. 

In another embodiment, the Wireless communication 
device is coupled to a ?xed conductor that is coupled to a 
series of conductive elements. The ?xed conductor acts as a 
?rst antenna regardless of any force applied to the series of 
conductive elements to alloW the Wireless communication 
device to operate at a ?rst operating frequency. The series of 
conductive elements couple to the ?xed conductor to 
become one conductor acting as a second antenna When the 
series of conductive elements are under a force to alloW the 
Wireless communication device to operate at a second oper 
ating frequency. 

In another embodiment, the Wireless communication 
device is coupled to a series of conductive elements that 
includes a locking mechanism. The Wireless communication 
device is capable of using the series of conductive elements 
as an antenna for Wireless communication When the locking 
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mechanism is engaged, locking the series of conductive 
elements in a conductive connection. The conductive con 
nection remains even if the force is later removed from the 
series of conductive elements. 
The interrogation reader may communicate information 

received from a Wireless communication device using the 
series of conductive elements as an antenna to a reporting 
system located in close proximity to the interrogation reader, 
a remote system, or both. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of an interrogation reader 
and Wireless communication device system in the prior art; 

FIG. 2A is a schematic diagram of a chain coupled to a 
Wireless communication device Whose links are not under 

force; 
FIG. 2B is a schematic diagram of a chain coupled to a 

Wireless communication device Whose links are under force 
to form a conductor and a dipole antenna; 

FIG. 3 is a schematic diagram of one embodiment of 
holloW conductive spheres in a chain that are designed to 
form a conductor When under force; 

FIG. 4 is a ?owchart diagram of an interrogation reader 
determining that a certain force or temperature threshold 
condition has been met at the Wireless communication 
device When the interrogation reader receives successful 
communication from the Wireless communication device; 

FIG. 5 is a schematic diagram of a chain coupled to a 
Wireless communication device in a tire that forms an 
antenna When the tire is in?ated to a certain pressure level; 

FIG. 6 is a schematic diagram of a chain coupled to a load 
and to a Wireless communication device such that the chain 
forms an antenna When the load is above a certain Weight; 

FIG. 7 is a schematic diagram of a chain coupled to an 
axle and to a Wireless communication device such that the 
chain forms an antenna When the axle rotates above a certain 
speed; 

FIG. 8 is a schematic diagram of a chain and a tuning ring 
coupled to a Wireless communication device such that the 
Wireless communication device can operate at a ?rst oper 
ating frequency using the tuning ring as a ?rst antenna and 
can operate at a second operating frequency using the chain 
as a second antenna; 

FIG. 9 is a schematic diagram of a chain that has one 
moveable link coupled to a Wireless communication device 
so that the Wireless communication device can communicate 
at a ?rst operating frequency When the chain forms a ?rst 
antenna and can communicate at a second operating fre 
quency When a force is placed on the moveable link to form 
a second antenna; 

FIG. 10 is a schematic diagram of a Wireless communi 
cation device coupled to a ?xed conductor to act as a ?rst 
antenna to communicate at a ?rst operating frequency and 
coupled to a chain to act as a second antenna to communi 
cate at a second operating frequency When a force is placed 
on the chain; 

FIG. 11A is a schematic diagram of conductive elements 
in a locking mechanism that is in an unlocked position; 

FIG. 11B is a schematic diagram of conductive elements 
in a locking mechanism in a locked position Wherein the 
conductive elements and locking mechanism form a con 
ductor to be used by a Wireless communication device as an 

antenna; and 
FIG. 12 is a schematic diagram of a reporting system. 
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4 
DETAILED DESCRIPTION OF THE 

INVENTION 

The present invention is directed to an antenna coupled to 
a Wireless communication device. The antenna is comprised 
of a series of conductive elements that do not form conduc 
tive connections With each other to form the antenna unless 
they are placed under a force, such as tension or compres 
sion. When the conductive elements are placed under a 
force, the conductive elements form conductive connections 
With each other to form a conductor. 

This conductor is coupled to a Wireless communication 
device to provide an antenna so that the Wireless commu 
nication device is capable of communicating at an operating 
frequency de?ned by the length and construction of the 
conductor. In this manner, the Wireless communication 
device, through its communication using the conductor as an 
antenna, acts as an indicator of force to an interrogation 
reader since the Wireless communication device is not 
capable of communicating unless the series of conductive 
elements are under a force. The Wireless communication 
device can be used in various applications as an indicator of 
force. 

Before discussing the particular aspects of the present 
invention and the embodiments for providing a series of 
conductive elements to form a conductor and antenna When 
placed under a force, a brief discussion of interrogation 
readers and Wireless communication devices folloWs. 

FIG. 1 illustrates a typical Wireless communication device 
and communication system in the prior art. The Wireless 
communication device 10 is capable of communicating 
information Wirelessly and may include a control system 12, 
communication electronics 14, and memory 16. The Wire 
less communication device 10 is also knoWn as a radio 
frequency identi?cation device (RFID). The communication 
electronics 14 is coupled to an antenna 18 for Wirelessly 
communicating information in radio-frequency signals. The 
communication electronics 14 is capable of receiving modu 
lated radio-frequency signals through the antenna 18 and 
demodulating these signals into information passed to the 
control system 12. The antenna 18 may be internal or 
external to the Wireless communication device 10. The 
antenna 18 may be a pole antenna or a slot antenna. 

The control system 12 may be any type of circuitry or 
processor that receives and processes information received 
by the communication electronics 14, including a micro 
controller or microprocessor. The Wireless communication 
device 10 may also contain a memory 16 for storage of 
information. Such information may be any type of informa 
tion about goods or objects associated With the Wireless 
communication device 10, including but not limited Lo 
identi?cation, tracking and other pertinent information. The 
memory 16 may be electronic memory, such as random 
access memory (RAM), read-only memory (ROM), ?ash 
memory, diode, etc., or the memory 16 may be mechanical 
memory, such as a sWitch, dip-sWitch, etc. 

Some Wireless communication devices 10 are termed 
“active” devices in that they receive and transmit data using 
their oWn energy source coupled to the Wireless communi 
cation device 10. A Wireless communication device 10 may 
use a battery for poWer as described in US. Pat. No. 
6,130,602 entitled “Radio frequency data communications 
device,” or may use other forms of energy, such as a 
capacitor as described in US. Pat. No. 5,833,603, entitled 
“Implantable biosensing transponder.” Both of the preceding 
patents are incorporated herein by reference in their entirety. 
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Other Wireless communication devices 10 are termed 
“passive” devices, meaning that they do not actively trans 
mit and therefore may not include their oWn energy source 
for power. One type of passive Wireless communication 
device 10 is knoWn as a “transponder.” A transponder 
e?‘ectively transmits information by re?ecting back a 
received signal from an external communication device, 
such as an interrogation reader. An example of a transponder 
is disclosed in Us. Pat. No. 5,347,280, entitled “Frequency 
diversity transponder arrangement,” incorporated herein by 
reference in its entirety. Another example of a transponder is 
described in co-pending patent application Ser. No. 09/678, 
271, entitled “Wireless communication device and method,” 
incorporated herein by reference in its entirety. 

It is readily understood to one of ordinary skill in the art 
that there are many other types of Wireless communication 
devices and communication techniques than those described 
herein, and the present invention is not limited to a particular 
type of Wireless communication device, technique or 
method. 

FIG. 1 also depicts communication betWeen a Wireless 
communication device 10 and an interrogation reader 20. 
The interrogation reader 20 may include a control system 22, 
an interrogation communication electronics 24, memory 26, 
and an interrogation antenna 28. The interrogation antenna 
28 may be a pole antenna or a slot antenna. The interrogation 
reader 20 may also contain its oWn internal energy source 
30, or the interrogation reader 20 may be poWered through 
an external poWer source (not shoWn). The energy source 30 
may include a battery, a capacitor, solar cell or other medium 
that contains energy. The energy source 30 may also be 
rechargeable. The interrogation reader 20 may also include 
a clock 23 that is coupled to and used by the control system 
22 for changing clock cycles and timing operations and/or 
other timing calculations. 

The interrogation reader 20 communicates With the Wire 
less communication device 10 by emitting an electronic 
communication signal 32 modulated by the interrogation 
communication electronics 24 through the interrogation 
antenna 28. The interrogation antenna 28 may be any type of 
antenna that can radiate a communication signal 32 through 
a ?eld 34 so that a reception device, such as a Wireless 
communication device 10, can receive such communication 
signal 32 through its oWn antenna 18. The ?eld 34 may be 
electromagnetic, magnetic, or electric. The communication 
signal 32 may be a message containing information and/or 
a speci?c request for the Wireless communication device 10 
to perform a task or communicate back information. 

When the antenna 18 is in the presence of the ?eld 34 
emitted by the interrogation reader 20, the communication 
electronics 14 are energiZed by the energy in the commu 
nication signal 32, thereby energiZing the Wireless commu 
nication device 10. The Wireless communication device 10 
remains energiZed so long as its antenna 18 is in the ?eld 34 
of the interrogation reader 20. The communication electron 
ics 14 demodulates the communication signal 32 and sends 
the message containing information and/or request to the 
control system 12 for appropriate actions. 

Turning noW to aspects of the present invention, FIG. 2A 
illustrates one embodiment of the antenna 18 for the Wireless 
communication device 10. The antenna 18 is comprised of 
a series of conductive elements that form a link chain 40. 
The link chain 40 is coupled to the Wireless communication 
device 10 to act as its antenna 18 When the link chain 40 is 
under a force, such as tension or compression. In this 
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6 
embodiment, tWo link chains 40 are coupled to the Wireless 
communication device 10 at coupling points 41 to form a 
dipole antenna 18. 
The link chain 40 is comprised of a plurality of individual 

links 42 that are circular in shape. The links 42 are con 
structed out of a conductive material, such as aluminum, 
cooper, or steel. The Wireless communication device 10 and 
the link chain 40 are attached to a ?exible material 43. The 
?exible material 43 is a resilient material that is capable of 
?exing, such as stretching or compressing, When a force is 
placed on the ?exible material 43. The ?exible material 43, 
being resilient, returns back to its original shape When a 
force is not exerted on it. The ?exible material 43 may be 
constructed out of rubber, foam, or any material that is 
capable of being stretched or compressed and is resilient. 
Note that the ?exible material 43 is optional, and force may 
be applied directly to the conductive elements to alloW the 
Wireless communication device 10 to act as a pressure 
indicator. 
The force exerted on the ?exible material 43 may be an 

external mechanical force, including gravity, or may be 
caused by the ?exible material’s 43 response to an environ 
mental condition, such as temperature. The ?exible material 
may be any type of ?exible material so long as the material 
?exes. 
The ?exible material 43 illustrated in FIG. 2A is not under 

a force. The links 42 are attached to the ?exible material 43 
so that the links 42 either (1) do not form a good conductive 
connection; or (2) any conductive connection Whatsoever 
betWeen each other When the ?exible material 43 is not 
under a force. The Wireless communication device 10 is 
designed to operate at a frequency that uses the link chain 40 
as an antenna 18 When the link chain 40 is under a force. So 
even if there are some links 42 in the link chain 40 that are 
conductively connected to each other When the ?exible 
material 43 is not under a force, the conductive length of the 
link chain 40 Will be different than is intended for use by the 
Wireless communication device 10 and/or the interrogation 
reader 20 for their designed operating frequency. 

FIG. 2B illustrates the same Wireless communication 
device 10 and link chain 40 illustrated FIG. 2A, discussed 
above. HoWever in FIG. 2B, the ?exible material 43 is under 
a force; it is being stretched. This stretching causes the link 
chain 40 and its links 42 to stretch as Well since the links 42 
are attached to the ?exible material 43. In this manner, the 
links 42 come into contact With each other to form a 
conductor that is coupled to, the Wireless communication 
device 10, at the couplings 41. When the links 42 form a 
conductor, the links 42 are continuously coupled to the 
Wireless communication device 10 so that the Wireless 
communication device 10 can use the links 42 as an antenna 
18. 
The links 42 in the link chain 40 may also be compressed 

by compressing the ?exible material 43 to form a conductor. 
If the links 42 are compressed so that the links 42 come into 
conductive contact With each other, the links 42 Will form a 
conductor than can also be used by the Wireless communi 
cation device 10 as an antenna 18. Compression of the links 
42 Will create an antenna 18 that is used to communicate at 
a higher operating frequency than stretching of the links 42, 
since compression of the links 42 Will form a conductor that 
is shorter in length than a conductor formed by stretching of 
the links 42. 

Whether the ?exible material 43 and/or the links 42 are 
stretched or compressed, the Wireless communication device 
10 is capable of communicating using the link chain 40 as 
the antenna 18 at the desired and designed operating fre 
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quency if the links 42 form a conductor. When the interro 
gation reader 20 receives a communication signal 32 from 
the Wireless communication device 10, illustrated in FIG. 
2B, the interrogation reader 20 Will knoW that such success 
ful communication is indicative of a threshold force being 
applied to the ?exible material 43 and/or the link chain 40. 

FIG. 3 illustrates another embodiment of the present 
invention Wherein the antenna 18 is constructed out of 
different conductive elements than the links 42 illustrated in 
FIGS. 2A and 2B. The antenna 18 is comprised of tWo or 
more holloW conductive spheres 44 that are attached to the 
?exible material 43. The holloW conductive spheres 44 may 
be constructed of aluminum, steel, copper, or any other 
conductive material. The holloW conductive spheres 44 may 
be completely holloW or substantially holloW so long as the 
shaped links 48, discussed beloW, do not form a substantial 
conductive connection With the holloW conductive spheres 
44 When the holloW conductive spheres 44 are not under a 
force. 

Each holloW conductive sphere 44 contains tWo ori?ces 
46. The ori?ces 46 are located on the left-hand side and the 
right-hand side of each holloW conductive sphere 44. 
Shaped links 48 are provided betWeen each holloW conduc 
tive sphere 44 to connect the holloW conductive spheres 44 
together to form a conductor When the holloW conductive 
spheres 44 are stretched. The shaped links 48 are constructed 
so that they have a narroW portion 50 in the central region 
of the shaped link 48 and Wider portions 52 on each end of 
the shaped links 48. The Wider portions 52 have a larger 
diameter than the diameter of the ori?ces 46. In this manner, 
the holloW conductive spheres 44 are free to move back 
and-for‘th along the path of the shaped link 48 as force is 
exerted on the holloW conductive spheres 44. HoWever, the 
holloW conductive spheres 44 cannot move farther apart 
than the length of the shaped link 48 since the Wider portions 
52 of the shaped links 48 are larger in diameter than the 
ori?ces 46. 

When the ?exible material 43 and/or the holloW conduc 
tive spheres 44 are under tension, the holloW conductive 
spheres 44 move apart from each other horiZontally along 
the path of the shaped link 48 until the shape length 48 
reaches the point Where the diameter of its Wider portions 52 
reach the diameter siZe of the ori?ces 46. In this manner, a 
conductive connection is made betWeen adjacent holloW 
conductive spheres 44 through the connectivity of the 
shaped links 48 to the adjacent holloW conductive spheres 
44 through contact With the ori?ces 46. 

The holloW conductive spheres 44 can also come into 
conductive contact With each other When the ?exible mate 
rial 43 and/or the holloW conductive spheres 44 are com 
pressed together. In this manner, the holloW conductive 
spheres 44 move closer to each other in a horiZontal direc 
tion along the path of the shaped link 48. Eventually, the 
shaped link 48 betWeen adjacent holloW conductive spheres 
44 Will be totally inside the holloW conductive spheres 44, 
and the outside of adjacent holloW conductive spheres 44 
Will come into contact With each other to form a conductor. 

Whether the ?exible material 43 and/or the holloW con 
ductive spheres 44 are stretched or compressed, the holloW 
conductive spheres 44 Will create a conductor to form an 
antenna 18 When the stretching or compressing causes the 
holloW conductive spheres 44 to conductively contact each 
other to form a conductor. When the interrogation reader 20 
receives a communication signal from the Wireless commu 
nication device 10 using the antenna 18 formed by the 
holloW conductive spheres 44 forming a conductor, the 

20 

25 

30 

40 

45 

50 

55 

60 

65 

8 
interrogation reader 20 Will knoW that such successful 
communication is indicative of a de?ned force being applied 
to the ?exible material 43. 

FIG. 4 illustrates a ?oWchart diagram of the process 
executed by the interrogation reader 20 to determine if a 
Wireless communication device 10 in the range of its ?eld 34 
is under a force. The Wireless communication device 10 may 
use any antenna 18 that is a series of conductive elements 
that form a conductor When the elements are under a force, 
such as tension or compression. The Wireless communica 
tion device 10 may use an antenna 18, such as a link chain 
40 or holloW conductive spheres 44, as illustrated in FIGS. 
2 and 3 and discussed above. 
The process starts (block 60), and the interrogation reader 

20 sends out a communication signal 32 through the ?eld 34 
to establish communications With any Wireless communica 
tion device 10 in the range of the ?eld 34 (block 62). If the 
interrogation reader 20 does not receive a modulated signal 
response back from any Wireless communication device 10 
(decision 64), this is indicative of one of tWo conditions; (1) 
there is no Wireless communication device 10 present in the 
range of the ?eld 34; or (2) a Wireless communication device 
10 in the range of the ?eld 34 is not under a force such that 
the conductive element coupled to the Wireless communi 
cation device 10 forms a conductor to form an antenna 18. 
In either condition, the interrogation reader 20 repeats by 
again sending out a communication signal 32 (block 62) in 
a looping manner until a modulated communication signal 
32 response is received back from a Wireless communication 
device 10. 

If the interrogation reader 20 receives a response signal 
back from a Wireless communication device 10 (decision 
64), this is indicative that the Wireless communication 
device 10 is under a force since the Wireless communication 
device 10 is con?gured With an antenna 18 that does not 
form a conductor unless the antenna 18 is under a force. The 
interrogation reader 20 receives the communication from the 
Wireless communication device 10 and takes any action 
necessary and/or designed to be carried out (block 66). The 
interrogation reader 20 repeats the process by sending out a 
communication signal 32 to determine if either the same 
Wireless communication device 10 as Was previously inter 
rogated is still under a force and/or if another Wireless 
communication device 10 is under a force (block 62). 
As an example, the communication signal 32 received by 

the interrogation reader may include the identi?cation of the 
Wireless communication device 10. This identi?cation may 
uniquely identify a good or article of manufacture that 
contains the Wireless communication device 10. In this 
manner, the interrogation reader is capable of determining 
and/or reporting that the good is under a force. The inter 
rogation reader 20 must be designed to operate at an 
operating frequency that is the same as the operating fre 
quency of the Wireless communication device 10 using the 
antenna 18 as it is under force. Various examples of appli 
cations that may use the present invention are discussed 
beloW and illustrated in FIGS. 5-12. 

FIG. 5 illustrates one application for use of the Wireless 
communication device 10 and antenna 18 to indicate the 
pressure of a tire 70. The Wireless communication device 10 
is coupled to a link chain 40, and both are placed in the 
inside 72 of the tire 70. The inside 72 of the tire 70 is 
comprised of a ?exible material 43, namely rubber, that 
stretches and expands When put under pressure. As the tire 
70 is in?ated under pressure, the antenna 18 components 
stretch or expand. If the tire 70 is in?ated to a threshold 
pressure, the links 42 form a conductor to provide an 
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antenna 18 to the Wireless communication device 10. At this 
threshold pressure, the Wireless communication device 10 
Will be able to respond to an interrogation reader 20 com 
munication signal 32 using the link chain 40 as an antenna 
18. 
The interrogation reader 20 is designed such that its 

receipt of communication by a Wireless communication 
device 10 indicates that the tire 70 has been in?ated to a 
certain pressure. Note that other conductive elements, such 
as holloW conductive spheres 44, may also be used With this 
embodiment to form the conductor and antenna 18. 

FIG. 6 illustrates another application of the present inven 
tion Wherein the Wireless communication device 10 is 
designed to communicate With an interrogation reader 20 
When an object or load 80 is above a certain threshold 
Weight. The Wireless communication device 10 is attached to 
a ?exible material 43. The Wireless communication device 
10 is also coupled to a link chain 40 that is attached to the 
?exible material 43, like that illustrated in FIG. 2, to provide 
an antenna 18. HoWever in this embodiment, the link chain 
40 is aligned in a vertical direction so that gravity is the force 
applied on the ?exible material 43. 

If the Weight of the load 80 is su?icient to pull doWn on 
and stretch the ?exible material 43 such that the links 42 
form conductive connections With each other to form a 
conductor, the Wireless communication device 10 Will be 
capable of responding to an interrogation reader 20 com 
munication signal 32 using the link chain 40 as an antenna 
18. In this manner, the Wireless communication device 10 
and link chain 40 attached to the ?exible material 43 form 
a Weight indicator so that an interrogation reader 20 is 
capable of determining if the load 80 is above a certain 
threshold Weight. Again, note that other conductive ele 
ments, such as holloW conductive spheres 44, may also be 
used With this embodiment to form the conductor. 

FIG. 7 illustrates another application of the present inven 
tion Wherein the Wireless communication device 10 is 
capable of communicating to an interrogation reader 20 if an 
axle 90 rotates above a certain speed. The Wireless commu 
nication device 10 is coupled to a series of holloW conduc 
tive spheres 44 to form an antenna 18 When the holloW 
conductive spheres 44 form a conductor, as illustrated in 
FIG. 3. The Wireless communication device 10 and series of 
holloW conductive spheres 44 are attached to a ?exible 
material 43. The axle 90 rotates in either a clockWise or 
counterclockWise direction. The series of holloW conductive 
spheres 18 is connected to the axle 90 at an attachment point 
92. 
As the axle 90 rotates, the centrifugal force of the rotation 

causes the holloW conductive spheres 44 to move outWard 
from the axle 90 in the rotation path 94. Centrifugal force is 
speed divided by the radius of the rotating object squared. If 
the speed of rotation and therefore the centrifugal force goes 
above a certain threshold of speed, the holloW conductive 
spheres 44 Will move apart along the shaped link 48 to form 
conductive connections With each other to form a conductor. 
In this manner, the Wireless communication device 10 and 
the holloW conductive spheres 44 attached to the ?exible 
material 43 form a speed indicator so that an interrogation 
reader 20 is capable of determining if the axle 90 is rotating 
above a certain threshold speed. Again, note that other 
conductive elements, such as links 42, may also be used With 
this embodiment to form the conductor. 

In another embodiment, the series of conductive elements, 
such as a link chain 40 or series of holloW conductive 
spheres 44, may be used to indicate if a su?icient amount of 
pressure has been applied to a security strap. For example, 
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the link chain 40 coupled to a Wireless communication 
device 10 may be used as a securing strap for air-cargo 
pallets. The Wireless communication device 10 cannot use 
the strap as an antenna 18 unless the strap has been secured 
With the correct amount of pressure. An example of straps 
that are attached to pallets to secure cargo is disclosed in 
co-pending patent application Ser. No. 09/712,645 entitled 
“Wireless transport communication device and method,” 
?led on Nov. 14, 2000, and incorporated herein by reference 
in its entirety. 

FIG. 8 illustrates another embodiment of the antenna 18 
Wherein a tuning ring 100 is coupled to the Wireless com 
munication device 10 through the couplings 41. A link chain 
40 is attached on each side of the tuning ring 100 at 
connection points 102. In this embodiment, tWo link chains 
40 are coupled to the tuning ring 100 to form a dipole 
antenna 18 When the link chains 40 are under a force to form 
conductors. 
The tuning ring 100 is used to improve the connection 

strains betWeen the Wireless communication device 10 and 
the link chain 40 so that a force applied to the link chain 40 
exerts force on the tuning ring 100 rather than the Wireless 
communication device 10. In addition, the tuning ring 100 
alloWs the Wireless communication device to communicate 
at two different operating frequencies. The tuning ring 100 
alWays forms a conductive connection With the Wireless 
communication device 10 to form a ?rst antenna 18A 
regardless of the force, lack thereof, applied to the ?exible 
material 43, the link chain 40, and/or the tuning ring 100. 
The tuning ring 100 provides the ?rst antenna 18A so that 
the Wireless communication device 10 is capable of oper 
ating at a ?rst operating frequency. In one embodiment, the 
turning ring 100 is constructed to resonate at around about 
2.45 GHZ. 

If a sufficient force is exerted on the link chain 40, the 
individual links 42 form conductive connections With each 
other to form a second, dipole antenna 18B. The link chain 
40 forms an antenna 18B that is designed to operate at a 
di?erent, second operating frequency than designed for the 
tuning ring 100. In this manner, the Wireless communication 
device 10 is capable of communicating a second operating 
frequency When a force is exerted on the ?exible material 43 
and/or the link chain 40. In one embodiment, the link chain 
40 is constructed to resonate at around about 915 MHZ. 
Again, note that other conductive elements, such as holloW 
conductive spheres 44, may also be used With this embodi 
ment to form the conductor. 

FIG. 9 illustrates another embodiment of the present 
invention that is similar to the embodiment illustrated in 
FIG. 8. The Wireless communication device 10 is capable of 
communicating at two different operating frequencies. HoW 
ever, this embodiment does not contain the tuning ring 100. 
A link chain 40 is coupled to the Wireless communication 
device 10 that contains a moveable link 110 that is free to 
move about. This moveable link 110 Will form a conductive 
connection With adjacent links 42 in the link chain 40 if a 
certain threshold force is applied to the link chain 40. The 
other links 42 in the link chain 40 are conductively coupled 
to each other regardless of the force applied to the link chain 
40, or lack thereof. 
The Wireless communication device 10 is coupled to the 

link chain 40 to form a ?rst antenna 18A of length Ll When 
the moveable link 110 does not form a conductive connec 
tion With adjacent links 42. In this manner, the Wireless 
communication device 10 is capable of operating at a ?rst 
operating frequency as de?ned by the length L1 and the 
construction of the ?rst antenna 18A. In one embodiment, 
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the length L1 is approximately 30.6 millimeters so that the 
link chain 40 of length Ll resonates at around about 2.45 
GHZ. 
When a force is applied to the link chain 40 such that the 

moveable link 110 forms a conductive connection With 
adj acent links 42 in the link chain 40, a second antenna 18B 
of length L2 is coupled to the Wireless communication 
device 10. In this manner, the Wireless communication 
device 10 is capable of operating at a second operating 
frequency as de?ned by the length and construction of the 
second antenna 18B When the ?exible material 43 and/or the 
link chain 40 are subject to a certain threshold force. In one 
embodiment, the length L2 is approximately 51.4 millime 
ters so that the link chain 40 of length L2 resonates at around 
about 915 MHZ. Again, note that other conductive elements, 
such as consecutive holloW conductive spheres 44, may also 
be used With this embodiment to form the conductor. 

Also note that more than one moveable link 110 may be 
placed in the link chain 40 so that the link chain 40 has an 
upper and loWer frequency range. For example, one move 
able link 110 may be placed in the link chain 40 at a distance 
of 30 millimeters from the end of the link chain 40 so that 
the link chain 40 resonates at around about 2.5 GHZ When 
a force is placed on the ?rst moveable link 110. A second 
moveable link 110 may be placed in the link chain 40 at a 
distance of 31 millimeters from the end of the link chain 40 
so that the link chain 40 resonates at around about 2.4193 
GHZ When a force is placed on the second moveable link 
110. In this manner, the antenna 18 formed by the link chain 
40 tunes itself With force. 

FIG. 10 illustrates another embodiment of the present 
invention Wherein a Wireless communication device 10 is 
capable of operating at tWo different frequencies using tWo 
different antenna 18 lengths. A ?xed conductor 14 is coupled 
to the Wireless communication device 10 to form a ?rst 
antenna 18A. The ?xed conductor 114 has a ?xed length that 
does not change as force is applied. In this embodiment, tWo 
?xed conductors are attached to the Wireless communication 
device 10 to form a dipole antenna 18A. 
A series of metal spheres 112 are coupled to the ?xed 

conductors 114. The metal spheres 112 are conductively 
coupled to each other regardless of force applied, or lack 
thereof. HolloW conductive spheres 44, illustrated in FIG. 3, 
are connected on the ends of the metal spheres 112 such that 
the metal spheres 112 are connected in betWeen the holloW 
conductive spheres 44 and the ?xed conductor 114. The 
metal spheres 112 are coupled to each other regardless of 
force. The holloW conductive spheres 44 form a conductive 
connection With the metal spheres 112 to form a conductor 
if a certain threshold force is applied to the metal spheres 
112. In this manner, the Wireless communication device 10 
is capable of communicating at a ?rst operating frequency 
using the ?rst antenna I BA if a certain threshold force is not 
applied to the metal spheres 112, since only the ?xed 
conductor 114 Will be coupled to the Wireless communica 
tion device 10. 

The Wireless communication device 10 Will communicate 
at a second operating frequency formed by the holloW 
conductive spheres 44. conductively coupled to the ?xed 
conductor 114, through the metal spheres 112, to form a 
second, longer antenna 18B if a certain threshold force is 
applied to the metal spheres 112. Again, note that other 
conductive elements, such as links 42, may also be used With 
this embodiment to form the conductor. 

FIGS. 11A and 11B illustrate another embodiment of the 
present invention Wherein an interrogation reader 20 is 
capable of ascertaining if a Wireless communication device 
10 has been subjected to a certain threshold force. A series 
of links 42 are coupled to the Wireless communication 
device 10, as illustrated in FIG. 3, to form the antenna 18. 
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FIG. 11A illustrates tWo locking mechanisms 115A, 115B in 
an unlocked position that are provided inline in the series of 
links 42 attached by a linking device 113. The locking 
mechanisms 115A, 115B are placed on the outside of tWo 
adjacent links 42. The locking mechanisms 115A, 115B are 
slanted outWard and are designed only to move outWard and 
return to their original position, but the locking mechanisms 
115A, 115B Will not move further inWard than their resting 
position, as illustrated in FIG. 11A. 
As the links 42 are pulled outWard on each side, the 

locking mechanisms 115A, 115B move outWard, and the 
height of the locking mechanisms 115A, 115B loWer. If a 
suf?cient tension is exerted on the links 42, the links 42 Will 
exert pressure on the locking mechanisms 115A, 115B 
thereby moving the locking mechanisms 115A, 115B out 
Ward. Eventually, the locking mechanisms 115A, 115B Will 
move outWard such that the links 42 Will clear the locking 
mechanisms 115A, 115B and move to their outside, as 
illustrated in FIG. 11B. 
The locking mechanisms 115A, 115B are constructed out 

of a conductive material so that the locking mechanisms 
115A, 115B form part of the conductor used by the Wireless 
communication device 10 as an antenna 18 When in a locked 
position. When the locking mechanisms 115A, 115B are in 
a locked position, the links 42, by the force of the linking 
device 113 causing the links 42 to have force placed on them 
inWardly, are in conductive contact With the locking mecha 
nisms 11 5A, 11 5B, thereby forming a conductor to be used 
by the Wireless communication device 10 as an antenna 18 
for communications to an interrogation reader 20. 

Since the locking mechanisms 115A, 115B only become 
locked When a certain threshold force is applied to the links 
42, the conductor is only formed When a certain threshold 
force has been applied to the links 42 at least once. Once this 
threshold force has been applied, the conductor stays formed 
even if the force is released due to the locking mechanism 
115A, 115B keeping the links 42 from releasing, thereby 
breaking the conductivity in the conductor. 
The interrogation reader 20, by receipt of communication 

from the Wireless communication device 10 that includes the 
locking mechanisms 115A, 115B has knoWledge that a 
certain threshold force has been applied to the links 42. If the 
Wireless communication device 10 Was not in range of the 
?eld 34 of the interrogation reader 20 at the time the 
threshold force Was applied to the links 42, the interrogation 
reader 20 could still determine that the threshold force Was 
applied to the Wireless communication device 10 at some 
time in its past since the locking mechanisms 115A, 115B 
stay locked, keeping the conductor formed. Again, note that 
other conductive elements, such as holloW conductive 
spheres 44, may also be used With this embodiment to form 
the conductor. 

FIG. 12 illustrates a block diagram of an information 
reporting con?guration for the present invention Whereby 
information received by the interrogation reader 20 from 
Wireless communication devices 10 is communicated to 
other systems. The interrogation reader 20 may be coupled 
to a reporting system 120. This reporting system 120 may be 
located in close proximity to the interrogation reader 20, and 
may be coupled to the interrogation reader 20 by either a 
Wired or Wireless connection. The reporting system 120 may 
be a user interface or other computer system that is capable 
of receiving information about objects that contain Wireless 
communication devices 10. The information may be used to 
track the objects or to store information concerning the 
objects in memory (not shoWn). 
The reporting system 120 may also further communicate 

information from the Wireless communication devices 10 to 
a remote system 122 located remotely from the reporting 
system 120 and/ or the interrogation reader 20. The commu 






